For several years we have studied the metabolism of applied indoleacetic acid (IAA) by plant tissues to determine whether growth stimulation or inhibition by IAA could be in any way related to its metabolism. So far we have been chiefly concerned with IAA metabolism by pea epicotyls, and in previous publications (2, 3, 4) have suggested that the toxic action of IAA might be related to the accumulation of free IAA in the tissues which appeared in turn to be related to the rate of indoleacetylaspartic acid (IAAspA) formation. Both IAAspA formation and growth became maximal at the same concentration of applied IAA (about 0.6 X 10-4 M). With lower concentrations almost all the IAA found in the tissues was present as IAAspA; only with the higher, growth inhibitory concentrations, did free IAA accumulate in the tissues to any extent.
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To study more fully this apparent relationship between growth inhibition and IAA accumulation in plant tissues, we have turned our attention to pea roots. For many years it has been known that roots are over a thousand times more sensitive than epicotyls to growth inhibition by IAA. We, therefore, have attempted to determine whether this sensitivity could be related to a greater accumulation of IAA due either to an increased uptake of IAA, as compared with epicotyls, or to a less active metabolism via degradation or conjugation. Uptake in these studies was equated with loss from solution; degradation was considered to be the amount of IAA lost from solution which could not be accounted for as Salkowski reactive indole compounds in the tissues. Other workers (18) have shown that in tissue breis IAA is oxidized by the IAA-oxidase system, and it is probable that in tissues, IAA undergoes oxidative decarboxylation by the same enzyme system (9, 10) .
The Salkowski reactive compounds found in the IAA treated roots are almost entirelv IAA and IAAspA (2, 5, 9) although, as in epicotyls (12) , small amounts of other derivatives are detectable. As shown below, we could find no evidence of the stable IAA-protein complex described by Siegel and Galston (16) . ' Received August 7, 1959 . I Contribution 161, Pesticide Research Institute, Research Branch, Canada Agriculture, University Sub Post Office, London, Ontario.
The present paper is concerned with the uptake, conjugation, and degradation of IAA in root tips. It also is concerned with a comparison between these findings and those of epicotyls. part of which has been published previously (5) . A subsequent paper will deal with the relationship of these metabolic processes to the growth inhibitory action of applied IAA.
METHODS
Details of the methods used for raising plants and for incubating the tissues have been described in previous papers (4, 5) . In some experiments, the tissues, after incubation, were transferred to a moist chamber which consisted of a large Petri dish containing a layer of moist cellocotton and a small Petri dish as receptacle for the tissues. The methods of determining IAA and IAAspA in the incubating medium and tissues have also been described in these papers.
The procedures used with roots differed in certain aspects from those used with epictoyls. These changes were necessary because roots are metabolically more active than epictoyls and more sensitive to their environment. These differences are as follows:
A. The sample weight of root tips was only 1/200 that of epicotyls but correspondingly smaller solution volumes were used except where specified so that in both cases the solutions lost about 50 % of their IAA content during 24 hours. In most experiments twelve 5 mm root tips (about 65 mg) were added to 20 ml of solution while with epicotyls 10 g of 2-inch sections were added to 500 ml of solution. The results on roots and epicotyls were then compared on a per gram fresh weight basis.
B. It was shown in a previous paper (5) that the accumulation of IAAspA and the uptake of IAA by root tips were both greatly diminished on excision and that Ca++ and sucrose restored these processes completely. On the other hand, Ca++ and sucrose were without effect on the IAA uptake and metabolism by epicotyls. Ca+ + and sucrose were therefore added only to the solutions in which root tips. but not epicotyls, were incubated.
C. The pH of the medium used with roots was higher (pH 5.2) than that with epicotyls (pH 4.6). With epicotyls a pH of about 4.6 was selected as this pH minimizes bacterial contamination of the kind which markedly accelerates IAA destruction in solution.
D. Although antibiotics were added to the incubation medium of both roots and epicotyls (streptomycin and penicillin did not affect the metabolism of IAA), it was necessary to autoclave the medium used for roots. The presence of sucrose and the higher pH made this medium much more susceptible to bacterial contamination which was readily detected by the appearance of turbidity in the medium. of incubation only 50 % of the initial IAA was left in solution, but the accuracy of determining the IAA lost from solution was increased four-fold. Figure 3 shows that root tips during the first half hour of incubation in 10-4 M IAA take up IAA very rapidly. The IAA lost from solution can be recovered almost quantitatively from the tissues as accumulated free IAA. At 1 hour the accumulated free IAA represents about a ten-fold greater concentration within the tissues than in the surrounding medium. The tissue IAA remains at this high level for 2 to 3 hours, after which it diminishes; by the 12th hour it has completely disappeared from the tissues. A similar proportionate high initial IAA accumulation within the tissues was observed at all concentrations of applied IAA (table I). In the presence of 10-3 M KCN the IAA content of the tissues rose only to the concentration of the external solution.
After the initial half hour of incubation, the rate of IAA uptake is greatly diminished for about five hours. During this time the amount of IAA lost from solution can no longer be accounted for completely as Salkowski reactive compounds in the tissues. This indicates that the degradative activity has commenced. However, degradation does not reach maximum activity until about the sixth hour of incubation. There was no evidence of IAAspA formation until after the second hour. This was confirmed by chromatography ( fig 4) . Because of the relatively long lag period required for degradative and conjugative activity to commence, it is possible to separate the initial uptake of IAA from the subsequent continuous uptake. After the initial uptake is complete the rate of subsequent uptake of IAA is dependent upon the rate of its metabolic removal from the tissues.
The initially accumulated IAA which subsequently disappears from the tissues was metabolized by conjugation and degradation as soon as these processes became active. This can be seen in an experiment in which the root tips, after 2 hours incubation in IAA solution, were transferred to a moist chamber ( PLANT PHYSIOLOGY content of the tissues rose over a period of 4 to 6 hours, until it reached a concentration equal to or less than that in the external solution (table I) . This equilibrium was also established in the presence of 10-3M KCN. On prolonged incubation the IAA content of the tissue decreased and disappeared by about the twelfth hour except with 2 X 10-4 M IAA, a concentration supraoptimal for IAAspA formation. This fall is associated with the conjugative activity. The lag period of conjugation, unlike that of degradation, is independent of the concentration of IAA applied; in every case conjugative activity commenced about the second hour and became maximal at about the sixtlh hour.
Degradative activity, on the other hand, showedl a lag period which decreased with increasing concentration of applied IAA. \Vhile some degradative loss is apparent by the 2nd hour with 2 X 10-4 M IAA, none could be observedl even at the 6th hour with 0.25 x 10-4 M IAA.
The results indicate clearly that after the IAA content of the tissues has attained equilibrium, the rate of the subsequent uptake, as in roots, is dependent upon the rate of the metabolic removal via conjugation and degradation. As the initial uptake of IAA, on the other hand, was found to be insensitive to cyanide, andl as IAA does not accumulate in the tissues beyond the concentration in solution, it would seem that the uptake process per se is a non-metabolic process. In an earlier paper (4) equilibrium between the internal and external IAA concentration has been attained (either actively as in roots or passively as in epicotyls) the rate of uptake slows dow-n until the metabolic processes of IAA destruction and conjugation become adaptedl. The rate of continued IAA uptake is then limited by the rate of its mletabolic removal from within the tissues.
The uptake of IAA by other plant tissues lhas been previously discussedl by Albaum et al (1) and Sutter (17) , who studiedl Nitella cells anfd cucumber hvpocotyls. respectively, and considere(d IAA uptake a purely physical process. Reinhold (15) concluded from her studies with carrot root discs that t\o processes are involved, an initial physical uptake followed by a continued slow metabolic uptake which she attributed either to an active transport of IAA into the cells or else to its mietabolic remloval. Our results, as just shown, provide evidence for the latter alternative.
Both degradation and conjugation appear to be auxin inactivating processes which may occur in dlifferent areas of the tissue. This is suggested by results on the metabolism of accumulated IAA (fig 5) .
There is also some histological evidence in the literature that the areas of degradation and conjugation are located in separate regions. First, Jensen (13) has shown that the peroxidase activity in root sections of broad beans is limited to the root cap, epidermis, and vascular elements. Since the IAA-oxidase system is composed of a hydrogen peroxide producing system and a peroxidase (10) , and since degradation of IAA by intact tissues probablly takes place via the IAA- ANDREAE AND VAN YSSELSTEIN-3-INDOLEACETIC ACID METABOLISM2 oxidase system, it is likely that the degradative activity is limited to these areas of peroxidase activity. Second, Ebert (8) There has been considerable discussion as to the significance of degradative activity in the tissues. This reaction has been largely studied in tissue breis, where it is active, unlike the formation of IAAspA which has not yet been demonstrated in vitro. Galston (10) postulate(d that IAA-oxidase not only metabolizes applied IAA, but also controls the endogenous auxin level of untreated tissues thus explaining aging phenomena, auxin rhythm, and lateral bud inhibition. Briggs et al (6) , on the other hand, consider that IAA-oxidase activity is purely a cut surface phenomenon, as the amount of applied IAA recovered after transport through tissue segments was unaffected by the length of tissue through which the IAA had passed. Neither Reinhold ( 15) nor we (4), however, were able to find any proportionality between the area of cut surface and oxidase activity. We believe that rather than being limited to the cut surface, this process, once adapted, occurs in the areas which have been shown to possess peroxidase activity, but that because of the long lag periods found with low concentrations of applied IAA this process may play no part normally in the tissues studied.
It should be noted, that equating loss from solution with degradation, Galston and Dalberg (11) have reported a 10 to 20 minute lag period for this process to become adapted in epicotyls incubated in 2 X 10-4 M IAA. As LITERATURE CITED
